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with BL BML size. The risk of incident SBA is highly elevated for sub-
regions with BL BMLs in the same subregion. One explanation for the
presence and development of SBA is subchondral microfracturing and
remodeling due to increased stress, which is reﬂected as subchondral
BMLs on MRI.
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Purpose: Active Shape Modeling (ASM) enables measurement of the
variation in a complex shape, such as the joints at the hip or knee. Using
principal components analysis, shape variation in a series of images is
expressed in terms of independent modes of variation, and each image
scored in terms of standard deviations of each mode from the mean for
that mode. Recent studies have found that ASM of radiographs can model
the deformation of the femoral head that occurs with the progression of
osteoarthritis and identify both individuals who later developed OA and
those who progressed most rapidly to a total hip replacement before
traditional clinical measures such as Kellgren-Lawrence scores. The
present study shows how a nested ASM can provide a standardized
method of hip shape assessment, and enable individual features and
correlations between features to be identiﬁed.
Methods: ASM uses points to identify the outline of the bones; landmark
points are placed on deﬁned anatomical features. A nested-ASM design
was developed comprising a ‘master-ASM’ of the hip from which sub-
models, including the16-pt model previously tested in OA, could be
automatically extracted. The master-ASM includes the proximal femur
and parts of the pelvis, including the acetabulum (to assess joint space),
osteophytes and cortical width. Nested-ASM was applied to 777 radio-
graphic images of hips from 193 subjects enrolled in the UK Primary Care
Rheumatology Hip Study. A set of sub-models were extracted and built
(Figure 1). Similarities between Modes in different ASM designs were
assessed both statistically and visually.
Results: Close links were found between different ASM designs; the
advantages of the nested design were evident in that relations between
features of OA could be explored. Sub-ASMs, such as the 16-pt model,
examine shape variation in a selected area, whilst the bigger ASMs
provide a more comprehensive view of the joint. For example, ‘ﬂattening’
of the femoral head, was clearly characterized by Mode1 in the 16-pt
model, but was associated with 2 or more modes in larger models. The
larger ASMs, however, enabled this to be correlated with other features
such as osteophytes, changes in femoral neck width, neck shaft angle or
joint space width.
Conclusions: The nested-ASM design is a simple and effective approach
for assessing OA severity. The precision of the model is maximized by
using mathematical constraints to ensure precise and even spacing of
intermediate points along smooth lines between landmarks, such as over
the femoral head. Using a standard set of points will minimise differences
arising from model design and emphasise real population differences.
Large ASM templates allow visualization of the whole hip joint, whilst
smaller models highlight variation in selected regions. Nested designs
enable measurement of changes in shape, and their association with OA
at all these different levels. This approach has been successfully applied
to the hip and we are also applying it to the knee in subjects with different
degrees of OA. ASM may provide a good imaging biomarker for patient
selection and stratiﬁcation in OA clinical trials. If applied universally using
the same set of points, it could enable direct comparison between studies
using different model designs.
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Purpose: Identiﬁcation of subjects with a high risk of progression of
structural changes is necessary for clinical trials in knee OA. Prior studies
have suggested that participants with asymmetric knee OA severity may
allow to assess disease progression in both early and more advanced
disease. We examined the rate of loss of joint space width (JSW) in
both knees from patients with unilateral joint space narrowing (JSN) at
baseline.
Methods: Data for these analyses are from the OAI public use data
sets (1.2.1 Clinical Data set and 1.B.1 Imaging Data set), a multi-center,
longitudinal cohort study designed to identify biomarkers for the develop-
ment and progression of symptomatic knee OA. Patients were selected
based on: bilateral chronic frequent pain, BMI> 25, unilateral medial JSN
(OARSI grade 1−3), and no JSN in the lateral compartment (or less than
in the medial and maximum OARSI JSN grade=1). The patients were
initially selected based on radiographic status in ﬁxed ﬂexion radiographs
that were read at each site and then re-read centrally to conﬁrm unilateral
medial JSN.
Baseline and year 1 ﬁxed ﬂexion radiographs of both knees were used.
Medial joint space width (JSW) was measured at the location of the
minimal distance between the femur and tibia margins (mJSW) and at
4 ﬁxed locations (x = 0.2, 0.225, 0.25, and 0.275), x representing the
approximate fraction of the distance from the medial epicondyle to the
total width of the femur, in a previously described coordinate system.
All readings were done paired but blinded to time point. Standardized
response of the mean (SRM = mean/SD) and false discovery rates (FDR
p) were computed.
Table 1: JSN knees (n = 70). Change in JSW over 1 year at 5 locations
Variable Mean SD SRM p-value FDR p
X=0.2 −0.16 0.44 −0.38 0.003 0.005
X=0.225 −0.20 0.48 −0.41 0.001 0.005
X=0.25 −0.19 0.53 −0.37 0.003 0.005
X=0.275 −0.18 0.54 −0.34 0.006 0.007
mJSW −0.11 0.41 −0.28 0.02 0.02
Table 2: No-JSN knees (n = 70). Change in JSW over 1 year at 5 locations
Variable Mean SD SRM p-value FDR p
X=0.2 −0.22 0.83 −0.26 0.03 0.05
X=0.225 −0.19 0.80 −0.24 0.05 0.05
X=0.25 −0.20 0.76 −0.26 0.04 0.05
X=0.275 −0.23 0.74 −0.31 0.01 0.05
mJSW −0.19 0.78 −0.25 0.04 0.05
Results: Seventy participants met the criteria: 46 women/24 men,
age=60±9 y, BMI = 31±4, bilateral chronic frequent knee pain. Knees
with baseline medial JSN (JSN knees) had OARSI JSN grades of 1, 2,
or 3, in respectively 42, 21, and 7 while all no-JSN knees had an OARSI
grade 0 JSN at baseline. A deﬁnite osteophyte was observed in a least
one knee of 40 patients (in 37 JSN knees and 16 no-JSN knees).
The average progression in no-JSN knees was similar to that in JSN
knees (table 1 & 2). However the variability in progression was higher in
the no-JSN knee than in the JSN knee, which is reﬂected in the no-JSN
knee’s higher SRMs.
